Summary.-The relationship between food intake and cancer of the large bowel was assessed by calculating the average intakes of foods, nutrients and dietary fibre in the different regions of Great Britain and relating these to the regional pattern of death from colon and rectal cancers between 1969 and 1973. No significant associations were found with the consumption of fat, animal protein or beer, nor with current estimates of total dietary fibre intake. Average intakes of the pentose fraction of total dietary fibres, and of vegetables other than potatoes, were negatively correlated with the truncated age-and sex-standardized death rates from colon cancer (r= -0-960 and -0-940). Specific components of dietary fibre may therefore inhibit colon carcinogenesis.
carcinogenesis.
IT has been suggested that environmental factors are largely responsible for the marked variation in the occurrence of cancer throughout the world (World Health Organisation, 1964) and migrant studies support this view. For example, large-bowel cancer is rare in Japan, but incidence rates in first and secondgeneration Japanese migrants to the U.S.A. increase to match those of the adopted country (Haenszel & Kurihara, 1968) . International comparisons of dietary and disease patterns have implicated beer, animal protein (particularly meat) and fat as possible carcinogenic factors (Enstrom, 1 977; Gregor et al., 1969; Armstrong & Doll, 1975; Drasar & Irving, 1973) . However, case-control and cohort studies have only identified beef as a dietary component which increases the risk of colon cancer (Haenszel et al., 1973) .
The hypothesis that dietary fibre protects against large-bowel cancer (Burkitt et al., 1972) was not supported by international comparison of food supplies and cancer deaths (Drasar & Irving, 1973) . The statistics on dietary fibre were based, however, on estimates of crude fibre intake, and these calculations underestimate the intake of total dietary fibre to a considerable and variable extent (Van Soest & Robertson, 1976) . Case-control studies (Bjelke, 1970; Modan et al., 1975; Graham et al., 1978) and a survey of 2 populations (I.A.R.C., 1977) tend to support the hypothesis.
British intakes of dietary fibre and its components have now been calculated based on analyses of fibre in the major food items in the diet (Southgate et al., 1976; Southgate, 1978 Cummings et al., 1978) .
To identify the effects of other variables, the calculated intake of some foods and expenditure on alcoholic drinks were included, together with 2 other factors (tobacco consumption and social class) which interact with diet and mortality. (Ministry of Agriculture, Fisheries and Food, 1971-1975) and regional averages for this period were then calculated. In the National Food Survey, carried out under the auspices of the Ministry of Agriculture, Fisheries and Food (MAFF) the housewife is asked to keep a record of her purchases of food for one week and from this the average quantity of food eaten per person is calculated. Between 300 and 2400 households in each region take part yearly. Nutrient intakes are calculated from these consumption figures, by reference to published tables of food composition (McCance & Widdowson, 1967) .
The intake of dietary fibre was calculated from Southgate's analyses (Southgate et al., 1976; Southgate, 1978) for the fibre content of foods and the published data on food consumption for 1969-73, these data being corrected for inedible waste and the proportion of individual items within food groups. The information necessary for these corrections was supplied by MAFF as part of a collaborative project . Regional averages for intakes of dietary fibre and its components were then calculated.
Mortality. Scotland, 1969-73) . Only deaths between the ages 35 and 64 were included since below 35 years deaths from colon cancer are very few, and death certification is known to suffer from greater inaccuracies in older individuals (Heasman & Lipworth, 1966) . The 5-year rates were adjusted by direct standardization using the 1971 population of England, Wales and Scotland as standard, so that the resulting truncated age-and sex-standardized 5-year rates take into account differences in the age and sex compositions of the different regions.
Since the National Food Survey does not distinguish between the food consumption of men and women, male and female death rates are not considered separately, except in the analysis of beer intake, where the data for expenditure were considered to reflect consumption mainly by men.
Beer and tobacco expenditure and social class distribution.-For each region, expenditure (Department of Employment, 1970-74) on beer and cider, expressed as a ratio of average expenditure for the whole of the U.K., and on tobacco were averaged over the 5 years. The proportion of individuals in each social class by region was obtained from the 10% sample of the 1971 Census (Office of Population Censuses and Surveys, 1971) social class III being divided into non-manual and manual groups. These proportions were combined into a single value, the "social class index" (SCI) for each region, by calculating a weighted average with social class I to V given values from 6 to 1. Thus the greater the number of individuals assigned to classes I, II and III non-manual, the higher the value of SCI. The range between regions in the intake of dietary fibre and its components and of the energy-yielding nutrients was small (Table I ) with coefficients of variation of 7% or less. Despite these small differences in intake and the considerable secular changes described above, regions consistently differed from each other during the 5-year period, analysis of variance (Table I) demonstrating that most of the variability in intake was accounted for by the differences between regions rather than that from year to year in any one region. Thus, the South East was coInsistently low in its consumption of total dietary fibre and the North high. Scotland had the lowest fat intake throughout, an(I Wrales the highest.
Coefficients of variation were highler for the food items than for the calculated nutrient intakes; variation in consumption of beef and fresh green vegetables (Table  II) was due to the much higher beef and lower vegetable consumption in Scotland.
Due to boundary reorganization of the standard regions in 1965 it was not possible to compare death rates with food intake data obtained some time previously. Nevertheless, for all the variables, the regions maintained their relative positions over the 5 years investigated, and it is reasonable to suppose that this hierarchy has been maintained for some time.
The calculated death rates for cancer of the colon and rectum and for bronchitis and emphysema are also shown in Table  II . The numbers of deaths on which these rates were based are shown in brackets. Also shown are regional beer and tobacco expenditure and the calculated index of social class (SCI).
Correlations
Only those items which correlated with death rates to a statistical significance greater than P < 0 01 are shown in Table  III . The very high correlation coefficients were obtained in part because average food consumption and expenditure data were used.
The variables relating to colon cancer were all co-correlated inter se, but a partial correlation analysis which controlled for fibre pentose intake reduced all other relationships to statistical insignificance. The coefficients in the first-order partial correlation of death rates with pentose intake Fig. a shows the relationship between death rates from colon cancer and pentose intake and Fig. b between death rates and intake of vegetables other than potatoes. No significant correlations were found between death rates from colon cancer and total dietary fibre (Fig. c) fat (Fig. e) or beef (Fig. f) , and there was no statistically significant correlation of death rates for cancer of the rectum either with the intake of total dietary fibre (Fig. d) , or with any of the other variables studied, including beer. This was true even when deaths from cancer of the rectum were considered in men only (r = 0 704). Deaths from bronchitis and emphysema were, however, significantly correlated with beer expenditure, with vitamin D intake and SCI. The correlation with tobacco expenditure (r= 0 743) was not significant at P < 0. 01.
DISCUSSION
Although the variation in nutrient intake between regions in Britain is much less than that found internationally, this study does have the advantage that uniform methods were used for assessing both diet and mortality. Other factors potentially involved in the development of cancer may also vary between regions, but there are likely to be many fewer differences in the life-style of people living within Britain than in the wide variety of countries previously included in analyses of the relationship between dietary patterns and disease (Armstrong & Doll, 1 975; Drasar & Irving, 1973) . The finding of a marked negative correlation between the intake of fibre pentosans or vegetables and colon cancer is therefore more likely to reflect a genuine relationship than an indirect association. A possible reason for the lack of association between colon cancer and total dietary fibre is that the available food analyses for fibre may have included some starch (James & Theander, 1979) . The suggestion that the pentosan intake of dietary fibre may be particularly important corresponds with the recent observation that pentosans appear to affect faecal bulking to a greater extent than other components of fibre (Cummings et al., 1978) .
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Case-control studies have suggested that patients with large-bowel cancer have a lower consumption of vegetables than controls (Bjelke, 1970; Modan et al., 1975; Graham et al., 1978) . These studies do not specifically relate to dietary pentosans which are particularly abundant in unrefined cereals rather than vegetables, but in Britain cereal consumption is so low that 40o of the pentosan intake comes from vegetable sources other than potatoes (potato fibre has a negligible amount of (Hill et al., 1971 .) and colon cancer, our studies suggest that appreciable changes in intake would be needed to affect the risk, and that attempts to increase fibre intakes might be a more practicable way of reducing the incidence of colon cancer.
The regional pattern of death rates from colon cancer is similar to that of almost all diseases in Creat Britain, with higher rates in the North and West than in the South and East. Associations could reflect a coincidence in the geography of both diet and disease. However, statistical analysis did not reveal a significant association between fibre pentosan intake or vegetable consumption and mortality from bronchitis (r= -0-387 and -0.453) but nevertheless, the limitations of an analysis such as this must be recognized. There is no support from other studies for the association of bronchitis death rates with vitamin D and beer consumption, and they probably result from the interrelationship between social class, beer drinking and the consumption of foods high in vitamin D, such as margarine. No relationship was found between coloncancer mortality and social class, in agreement with other analyses (Office of Population Censuses and Surveys, 1978) .
We chose to look at regional patterns of mortality, rather than incidence, as comprehensive incidence data for areas comparable with those used by the household surveys are not available. Regional differences in survival from colon cancer may be present, the relationship to vegetable intake then reflecting the propensity of regions to be more health conscious, with earlier and better treatment. Despite these provisos, however, these results do suggest the need for further work designed to test whether specific dietary fibre components or vegetables protect from carcinogenesis within the colon. Intakes of dietary fibre components and their sources now need to be obtained from case-control studies and regional studies in countries with a greater variability of consumption combined with satisfactory data on the incidence of largebowel cancer.
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